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(54) SIGNAL PROCESSING METHOD AND NETWORK DEVICE

(57) Embodiments of this application provide a signal
processing method and a network device, to reduce gen-
eration of an active echo. In the method in the embodi-
ments of this application, a network device first obtains
a scattering parameter matrix of passive echoes in an
antenna system; determines m virtual user directions,
namely, m directions in which total signal strength of the
passive echoes is highest, based on the scattering pa-

rameter matrix of the passive echoes; and then forms,
based on n real user directions and the m virtual user
directions, a target beam whose null is aligned with the
m virtual user directions. In this way, generation of an
active echo is reduced, and therefore no circulator is
needed in the antenna system in the network device, so
that the antenna system can be further integrated, to re-
duce a volume of the antenna system.
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Description

[0001] This application relates to the communications field, and in particular, to a signal processing method and a
network device.

BACKGROUND

[0002] With development of a 5th generation mobile communications technology (5th generation mobile networks,
5G), a quantity of antennas in a single base station used for massive multiple input multiple output (massive MIMO, MM)
greatly increases, and even reaches 64, 128, or 256. To enable a network device to accommodate a large quantity of
antennas, the antenna needs to be further integrated. However, in an antenna system, a circulator configured to eliminate
an active echo in the antenna system occupies a relatively large circuit board area and volume, which hinders further
integration of the antenna.
[0003] The active echo refers to a signal that is reversely fed into a power amplifier (power amplifier, PA) of the network
device when antennas are mutually coupled due to insufficient isolation between the antennas that exists when the
network device sends a signal in a real user direction. If there is no circulator, the received active echo impacts the PA,
resulting in a loss of efficiency of the PA.
[0004] Currently, the active echo may be canceled by transforming a circuit of the PA into a balanced circuit. For
example, two PAs in a doherty (doherty, DHT) architecture are transformed into four PAs. However, after the balanced
circuit is obtained through transformation, an area and costs of the antenna system are doubled as a quantity of PAs is
doubled, which also hinders further integration of the antenna.

SUMMARY

[0005] Embodiments of this application provide a signal processing method and a network device, to reduce generation
of an active echo.
[0006] According to a first aspect of the embodiments of this application, a signal processing method is provided. A
network device first obtains a scattering parameter matrix of passive echoes in an antenna system. The antenna system
includes k antennas. It should be noted that an echo (including an active echo and the passive echo) refers to a signal
that is reversely fed into a PA on a channel when adjacent antennas are mutually coupled due to insufficient isolation
between the antennas that exists when the network device transmits a signal. A difference is as follows: The passive
echo refers to a signal that is reversely fed when antennas in the network device send signals with a same amplitude
and a same phase. The scattering parameter matrix of the passive echoes is a property of each antenna system in the
network device, exists when the network device is in an idle state, and does not change with served user equipment or
a signal environment. The active echo refers to a signal that is reversely fed when the network device sends a signal
whose amplitude and phase are determined based on a location and a requirement of the served user equipment. The
active echo changes with the location and the requirement of the user equipment.
[0007] Then, the network device determines m directions in which total signal strength is highest as m virtual user
directions based on the scattering parameter matrix of the passive echoes. In this case, when a target beam whose null
is aligned with the m virtual user directions is formed, even if the network device sends forward signals with different
amplitudes and different phases, energy of an active echo that is reversely fed is greatly decreased, and accordingly
no circulator is needed in the antenna system in the network device. Therefore, the circulator may be removed to reduce
a volume of the antenna system, so that the antenna system can be further integrated.
[0008] With reference to the first aspect, in a first implementation of the first aspect of the embodiments of this appli-
cation, the scattering parameter matrix of the passive echoes may be represented as a matrix G with an order of k3k,
a value in an ith row and a jth column in the matrix G is g(i, j), and g(i, j) is equal to a signal strength ratio between a
passive echo received by an antenna in an ith column from an antenna in the jth column and a signal transmitted by the
antenna in the ith column. In this case, signal strength, in each direction, of a passive echo received by each antenna
is obtained.
[0009] Specifically, signal strength of the passive echo received by the antenna is denoted as li,j, and li,j is equal to
signal strength of a passive echo that is generated by a signal sent by a jth antenna and that is received by an ith antenna.
[0010] It is assumed that k is a quantity of antennas in the network device, and a matrix L, with an order of k3k, of
signal strength of passive echoes received by all the antennas is as follows: 
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[0011] After the matrix L of the signal strength of the passive echoes is determined, the scattering parameter matrix
of the passive echoes may be calculated based on the matrix L. Specifically, the scattering parameter matrix of the
passive echoes is the matrix G, the value in the ith row and the jth column in G is g(i,j), and g(i, j) is equal to a ratio of
strength Li,j of the passive echo received by the antenna in the ith column from the antenna in the jth column to signal
strength si of the signal transmitted by the antenna in the ith column, in other words, 

[0012] Finally, the matrix G is obtained as follows: 

[0013] In some feasible embodiments, the obtained value g(i, j) may alternatively be represented by using a complex
number, in other words, 

[0014] Herein, in Ai,j
∗ejφi,j, Ai,j is an amplitude, and φi,j is a phase.

[0015] With reference to the first implementation of the first aspect, in a second implementation of the first aspect of
the embodiments of this application, the network device may perform dimension reduction processing on the matrix G
by using a preset algorithm, to obtain a matrix V with an order of m3k. Row vectors in the matrix V are respectively v0,
v1, ..., and v(m-1), and are used to respectively represent the m virtual user directions. In this case, expressions of the
m virtual user directions are obtained.
[0016] In this embodiment of this application, the matrix G is the scattering parameter matrix of all the antennas in the
antenna system, and represents the signal strength of the passive echoes received by all the antennas, and the m virtual
user directions are the m directions in which the total signal strength of the passive echoes is highest. Therefore, if the
remaining (k-m) directions are ignored, any row Gr in the matrix G may be approximately obtained by performing linear
combination on v0, v1, ..., and v(m-1): 

[0017] Herein, all of q0, q1, ..., and q(m-1) are constants.
[0018] With reference to the second implementation of the first aspect, in a third implementation of the first aspect of
the embodiments of this application, for the preset algorithm, the following operation may be performed: The network
device performs singular value decomposition on the matrix G, to obtain U∗S∗VH, and uses first m row vectors in VH as
the matrix V, where U is a unitary matrix with an order of m3m, S is a positive semidefinite diagonal matrix with an order
of m3k, and VH is a unitary matrix with an order of k3k. Any one of the obtained vectors v0, v1, ..., and v(m-1) is a
vector representing a spatial direction, and has both a length and a direction. The direction of the vector is used to
represent the virtual user direction, and the length of the vector is used to represent the signal strength of the passive echo.
[0019] Singular value decomposition is mainly applied to principal component analysis (principal component analysis,
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PCA) in statistics. As a data analysis method, principal component analysis is used to find out a "pattern" implied in a
large amount of data. Principal component analysis may be used in pattern recognition, data compression, and the like,
to map a dataset into low-dimensional space. Eigenvalues in the dataset are arranged based on importance. A dimension
reduction process is a process of discarding an unimportant eigenvector, and space that includes the remaining eigen-
vectors is space obtained after dimension reduction.
[0020] With reference to the second implementation and the third implementation of the first aspect, in a fourth imple-
mentation of the first aspect of the embodiments of this application, the network device may determine a target spatial

channel matrix H based on n real user directions and the m virtual user directions, where  , and Hr is a spatial
channel matrix, with an order of m3k, used to represent the n real user directions; and form the target beam based on
the matrix H, so that the null of the target beam is aligned with the m virtual user directions. In this way, almost no impact
is exerted on a traffic requirement while generation of an active echo is reduced.
[0021] In some feasible embodiments, a special example of the obtained vectors v0, v1, v2, ..., and v(m-1) is an
orthogonal basis vector in the matrix G. In this case, it is assumed that the matrix Hr with an order of n3k is an original
spatial channel matrix, where n is a positive integer less than k. That is, n dimensions in k dimensions are used to serve
the traffic requirement, and m dimensions may be selected from the remaining (k-n) dimensions as the virtual user
directions. It may be learned that m is less than or equal to k-n. For example, k is equal to 64, and n is equal to 40. In
other words, 40 dimensions are used to serve the traffic requirement, and m (m≤24) dimensions may be selected from
the remaining 24 dimensions as the virtual user directions.
[0022] With reference to the first aspect, and the first implementation, the second implementation, the third implemen-
tation, and the fourth implementation of the first aspect, in a fifth implementation of the first aspect of the embodiments
of this application, the network device determines a target frequency band based on the traffic requirement, where the
target frequency band is one of a plurality of frequency bands obtained by dividing a full frequency band based on a
preset frequency band division manner; and the network device obtains a scattering parameter matrix that is of the
passive echoes in the antenna system and that is formed at the target frequency band, to adapt to a frequency response
characteristic, namely, a characteristic indicating that the scattering parameter matrix of the passive echoes varies with
a frequency, of the passive echoes.
[0023] According to a second aspect of the embodiments of this application, a network device is provided, and includes
an antenna system and a processor. The antenna system may be configured to send and receive a signal. The processor
may be configured to: obtain a scattering parameter matrix of passive echoes in the antenna system, where the antenna
system includes k antennas, and k is a positive integer; determine m virtual user directions based on the scattering
parameter matrix of the passive echoes, where the m virtual user directions are m directions in which total signal strength
of the passive echoes is highest, and m is a positive integer; and form a target beam based on n real user directions
and the m virtual user directions, where a null of the target beam is aligned with the m virtual user directions, n is a
positive integer, and n+m≤k. In this way, generation of an active echo is reduced, and therefore no circulator is needed
in the antenna system in the network device, to reduce a volume of the antenna system, so that the antenna system
can be further integrated.
[0024] With reference to the second aspect, in a first implementation of the second aspect of the embodiments of this
application, the scattering parameter matrix of the passive echoes may be represented as a matrix G with an order of
k3k, a value in an ith row and a jth column in the matrix G is g(i, j), and g(i, j) is equal to a signal strength ratio between
a passive echo received by an antenna in an ith column from an antenna in the jth column and a signal transmitted by
the antenna in the ith column. In this case, signal strength, in each direction, of a passive echo received by each antenna
is obtained.
[0025] Specifically, signal strength of the passive echo received by the antenna is denoted as li,j, and li,j is equal to
signal strength of a passive echo that is generated by a signal sent by a jth antenna and that is received by an ith antenna.
[0026] It is assumed that k is a quantity of antennas in the network device, and a matrix L, with an order of k3k, of
signal strength of passive echoes received by all the antennas is as follows: 
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[0027] After the matrix L of the signal strength of the passive echoes is determined, the scattering parameter matrix
of the passive echoes may be calculated based on the matrix L. Specifically, the scattering parameter matrix of the
passive echoes is the matrix G, the value in the ith row and the jth column in G is g(i,j), and g(i, j) is equal to a ratio of
strength Li,j of the passive echo received by the antenna in the ith column from the antenna in the jth column to signal
strength si of the signal transmitted by the antenna in the ith column, in other words, 

[0028] Finally, the matrix G is obtained as follows:

[0029] In some feasible embodiments, the obtained value g(i, j) may alternatively be represented by using a complex
number, in other words, 

[0030] Herein, in Ai,j
∗ejφi,j, Ai,j is an amplitude, and φi,j is a phase.

[0031] With reference to the first implementation of the second aspect, in a second implementation of the second
aspect of the embodiments of this application, the processor is specifically configured to perform dimension reduction
processing on the matrix G by using a preset algorithm, to obtain a matrix V with an order of m3k. Row vectors in the
matrix V are respectively v0, v1, ..., and v(m-1), and are used to respectively represent the m virtual user directions. In
this case, expressions of the m virtual user directions are obtained.
[0032] In this embodiment of this application, the matrix G is the scattering parameter matrix of all the antennas in the
antenna system, and represents the signal strength of the passive echoes received by all the antennas, and the m virtual
user directions are the m directions in which the total signal strength of the passive echoes is highest. Therefore, if the
remaining (k-m) directions are ignored, any row Gr in the matrix G may be approximately obtained by performing linear
combination on v0, v1, ..., and v(m-1): 

[0033] Herein, all of q0, q1, ..., and q(m-1) are constants.
[0034] With reference to the second implementation of the second aspect, in a third implementation of the second
aspect of the embodiments of this application, the processor is further configured to: perform singular value decomposition
on the matrix G, to obtain U∗S∗VH, and use first m row vectors in VH as the matrix V, where U is a unitary matrix with
an order of m3m, S is a positive semidefinite diagonal matrix with an order of m3k, and VH is a unitary matrix with an
order of k3k. Any one of the obtained vectors v0, v1, ..., and v(m-1) is a vector representing a spatial direction, and has
both a length and a direction. The direction of the vector is used to represent the virtual user direction, and the length
of the vector is used to represent the signal strength of the passive echo.
[0035] Singular value decomposition is mainly applied to principal component analysis (principal component analysis,
PCA) in statistics. As a data analysis method, principal component analysis is used to find out a "pattern" implied in a
large amount of data. Principal component analysis may be used in pattern recognition, data compression, and the like,
to map a dataset into low-dimensional space. Eigenvalues in the dataset are arranged based on importance. A dimension
reduction process is a process of discarding an unimportant eigenvector, and space that includes the remaining eigen-
vectors is space obtained after dimension reduction.
[0036] With reference to the second implementation and the third implementation of the second aspect, in a fourth
implementation of the second aspect of the embodiments of this application, the processor is further configured to:
determine a target spatial channel matrix H based on the n real user directions and the m virtual user directions, where
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 , and Hr is a spatial channel matrix, with an order of m3k, used to represent the n real user directions; and
form the target beam based on the matrix H, so that the null of the target beam is aligned with the m virtual user directions.
In this way, almost no impact is exerted on a traffic requirement while generation of an active echo is reduced.
[0037] In some feasible embodiments, a special example of the obtained vectors v0, v1, v2, ..., and v(m-1) is an
orthogonal basis vector in the matrix G. In this case, it is assumed that the matrix Hr with an order of n3k is an original
spatial channel matrix, where n is a positive integer less than k. That is, n dimensions in k dimensions are used to serve
the traffic requirement, and m dimensions may be selected from the remaining (k-n) dimensions as the virtual user
directions. It may be learned that m is less than or equal to k-n. For example, k is equal to 64, and n is equal to 40. In
other words, 40 dimensions are used to serve the traffic requirement, and m (m≤24) dimensions may be selected from
the remaining 24 dimensions as the virtual user directions.
[0038] With reference to the second aspect, and the first implementation, the second implementation, the third imple-
mentation, and the fourth implementation of the second aspect, in a fifth implementation of the second aspect of the
embodiments of this application, the processor is further configured to: determine a target frequency band based on the
traffic requirement, where the target frequency band is one of a plurality of frequency bands obtained by dividing a full
frequency band based on a preset frequency band division manner; and obtain a scattering parameter matrix that is of
the passive echoes in the antenna system and that is formed at the target frequency band, to adapt to a frequency
response characteristic, namely, a characteristic indicating that the scattering parameter matrix of the passive echoes
varies with a frequency, of the passive echoes.
[0039] According to a third aspect of the embodiments of this application, a network device is provided, and includes
an antenna system and a processor. The antenna system is configured to send and receive a signal. The processor is
configured to: obtain a scattering parameter matrix of passive echoes in the antenna system, where the antenna system
includes k antennas, and k is a positive integer; determine m virtual user directions based on the scattering parameter
matrix of the passive echoes, where the m virtual user directions are m directions in which total signal strength of the
passive echoes is highest, and m is a positive integer; and form a target beam based on n real user directions and the
m virtual user directions, where a null of the target beam is aligned with the m virtual user directions, n is a positive
integer, and n+m≤k. In this way, generation of an active echo is reduced, and therefore no circulator is needed in the
antenna system in the network device, to reduce a volume of the antenna system, so that the antenna system can be
further integrated.
[0040] In some feasible embodiments, the antenna system includes an antenna, a filter, a first coupler, a second
coupler, a power amplifier PA, a coupler switch, and a radio transceiver apparatus. The first coupler and the second
coupler are sequentially disposed side by side in front of the PA in a transmission direction of the antenna. The first
coupler communicates with the PA, the second coupler communicates with the first coupler, and the coupler switch
communicates with the radio transceiver apparatus. When the antenna sends a forward signal, the coupler switch is
turned to the first coupler, so that a forward signal output by the PA is received by the radio transceiver apparatus. There
is insufficient isolation of the switch, and therefore a pure passive echo cannot be obtained through coupling. Therefore,
in some feasible embodiments, a time interval for sending two forward signals may be increased, so that sending of the
forward signal and receiving of the passive echo can be completely staggered in time, to obtain a pure passive echo.
The passive echoes are then aligned with the forward signals, and then the scattering parameter matrix G of the echoes
is solved based on a least squares group in frequency domain groups.
[0041] According to a third aspect, an embodiment of this application provides a computer-readable storage medium
that includes instructions. When the instructions are run on a computer, the computer is enabled to perform the method
according to the foregoing aspects.
[0042] In the embodiments of this application, the network device obtains the scattering parameter matrix of the passive
echoes in the antenna system; determines the virtual user directions based on the scattering parameter matrix of the
passive echoes; and when the target beam is formed based on a real user location, enables the null of the target beam
to be aligned with the virtual user directions. In this way, generation of an active echo is reduced, and therefore no
circulator is needed in the antenna system in the network device, so that the antenna system can be further integrated,
to reduce a volume of the antenna system.

BRIEF DESCRIPTION OF DRAWINGS

[0043]

FIG. 1-1 is a schematic diagram of an embodiment of a communications system according to an embodiment of
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this application;
FIG. 1-2 is a schematic diagram of an embodiment of a formed traffic beam;
FIG. 1-3 is a schematic diagram of an embodiment of a plurality of formed narrow beams;
FIG. 1-4 is a schematic diagram of an embodiment of an antenna system in which a circulator is disposed;
FIG. 1-5 is a schematic diagram of an embodiment of a PA in a doherty architecture;
FIG. 1-6 is a schematic diagram of another embodiment of a PA in a doherty architecture;
FIG. 2 is a schematic diagram of an embodiment of a signal processing method according to an embodiment of this
application;
FIG. 3-1 is a schematic diagram of another embodiment of a signal processing method according to an embodiment
of this application;
FIG. 3-2 is a schematic diagram of an embodiment of a null according to an embodiment of this application;
FIG. 3-3 shows a horizontal pattern and a vertical pattern of a traffic beam according to an embodiment of this
application;
FIG. 3-4 shows a horizontal pattern and a vertical pattern of a target beam according to an embodiment of this
application;
FIG. 3-5 is a schematic diagram of an embodiment in which a plurality of antennas are integrated according to an
embodiment of this application;
FIG. 4 is a schematic diagram of an embodiment of a network device according to an embodiment of this application;
FIG. 5-1 is a schematic diagram of an embodiment of a network device according to an embodiment of this application;
FIG. 5-2 is a schematic diagram of an embodiment of an antenna system; and
FIG. 5-3 is a schematic diagram of an embodiment in which a plurality of antennas in a network device are integrated.

DESCRIPTION OF EMBODIMENTS

[0044] Embodiments of this application provide a signal processing method and a network device, to reduce generation
of an active echo.
[0045] It should be understood that the terms "include", "contain" and any variant thereof mean to cover non-exclusive
inclusion, for example, a process, method, system, product, or device that includes a list of steps or units is not necessarily
limited to those steps or units that are expressly listed, but may include other steps or units not expressly listed or inherent
to such a process, method, product, or device.
[0046] This application may be applied to a communications system 100 shown in FIG. 1-1. The communications
system 100 includes a network device 110 and a plurality of user equipments (user equipment, UE) 120.
[0047] The network device 110 may be an evolved NodeB (evolutional node b, e-nodeB), a macro base station, a
micro base station (or referred to as a "small cell"), a pico base station, an access point (access point, AP), a transmission
point (transmission point, TP), a new generation NodeB (new generation node b, gNodeB), or the like in an LTE system,
an NR system, or a license-assisted access long term evolution (authorized auxiliary access long-term evolution, LAA-
LTE) system.
[0048] The UE 120 may be a mobile station (mobile station, MS), a mobile terminal (mobile terminal), an intelligent
terminal, or the like. The UE 120 may communicate with one or more core networks by using the network device 110.
For example, the UE 120 may be a mobile phone (or referred to as a "cellular" phone) or a computer that includes a
mobile terminal. The UE 120 may alternatively be a portable, pocket-sized, handheld, computer built-in, or in-vehicle
mobile apparatus, and UE 120 in a future NR network. The UE 120 exchanges voice or data with the network device
110. In this application, the UE 120 may further include a relay device, and any device that can perform data communication
with a base station may be considered as the UE 120. In this application, description is provided by using UE in a general
sense. In some feasible implementations, the UE 120 may alternatively be a vehicle in a vehicle-to-infrastructure/vehi-
cle/pedestrian (vehicle to infrastructure/vehicle/pedestrian, V2X) system.
[0049] In this embodiment of this application, an MM technology may be applied to the network device 110. It should
be noted that multiple input multiple output (multiple input multiple output, MIMO) means that a plurality of antennas (for
example, 2/4/8 antennas) are used at both a transmit end a receive end, to form a plurality of channels between the
transmit end and the receive end. On the basis of MIMO, in the MM technology, a large quantity of antennas (for example,
64/128/256 antennas) are used to serve a relatively small quantity of users, to greatly improve spectral efficiency.
[0050] Specifically, the network device may perform beamforming based on a traffic requirement, to form a traffic
beam, for example, a traffic beam shown in FIG. 1-2. A main lobe of the traffic beam is aligned with target user equipment,
so that the target user equipment can use a wireless network service provided by the network device. By using the MIMO
technology or the MM technology, the network device may form a plurality of narrow beams shown in FIG. 1-3, to
simultaneously serve a plurality of user equipments.
[0051] It should be noted that in the MIMO technology, a space resource can be fully utilized, an adaptive array antenna
is used, a plurality of antennas are used to implement multiple input multiple output, and different beams are formed in
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different user directions, to exponentially increase a system channel capacity without increasing spectrum resources
and timeslot resources. For example, eight antennas are used in a MIMO technology used in a 4th generation mobile
communications technology (the 4th generation mobile communication technology, 4G) network. On the basis of the
MIMO technology, in the MM technology, massive antennas, for example, 64/128/256 antennas, are deployed in the
network device. A quantity of antenna channels is significantly increased, and there is a multi-antenna form of a larger-
scale antenna array.
[0052] By using the MM technology, the network device forms a plurality of narrow beams, and concentrates radiation
in a smaller space area, so that there is higher energy efficiency on a radio frequency transmission link between a base
station and the user equipment, to reduce a loss of transmit power of the base station. In addition, a quantity of simul-
taneously served user equipments is usually far less than a quantity of antennas in the base station, and therefore a
capability of simultaneously receiving and sending a plurality of different signals by the network device is improved,
thereby greatly improving frequency utilization.
[0053] After the network device 110 that uses the MIMO technology or the MM technology transmits a signal, an active
echo is generated, resulting in a loss of efficiency of a PA. To cancel the active echo, a circulator (shown in FIG. 1-4) is
disposed in an antenna system of the network device 110. Usually, the antenna system further includes an antenna, a
band-pass filter (band-pass filter, BPF), the PA, a low noise amplifier (low noise amplifier, LNA), an uplink path, pre-
distortion (pre-distortion, PD) feedback, an analog to digital converter (analog to digital converter, ADC), and a digital
to analog converter (digital to analog converter, DAC), which are all common components in an antenna system. Details
are not described herein. However, for an antenna system that includes a large quantity of antennas and that uses the
MM technology, the circulator occupies a relatively large circuit board area and volume, and consequently the antenna
system cannot be further integrated.
[0054] Currently, the active echo may be canceled by transforming a circuit of the PA into a balanced circuit. For
example, two PAs (shown in FIG. 1-5) in only one doherty architecture (DHT 1) are transformed into four PAs (shown
in FIG. 1-6) in two doherty architectures (DHT 1 and DHT 2). Two PAs in a single DHT architecture are combined by
using a combiner (combiner). However, after the balanced circuit is obtained through transformation, an area and a
volume of the antenna system are doubled as a quantity of PAs is doubled, which also hinders further integration of the
antenna.
[0055] Currently, linearity may be improved by improving a digital pre-distortion (digital pre-distortion, DPD) algorithm,
to cancel the active echo. Specifically, a distortion model of the PA may be written as follows: 

[0056] Herein, x is a forward signal, and z represents active echoes received by all antennas. In this case, modeling
may be performed for the PA impacted by a standing wave, to obtain the following model: 

[0057] Herein, k is a quantity of antennas. In this case, the DPD algorithm may be modeled as an inverse model of
the foregoing model: 

[0058] Herein, y is a feedback signal of the DPD algorithm, invF() is an inverse function of F(), and x0, x1, ..., and x(k-
1) are forward signals sent by all the antennas. However, this exponentially increases complexity, and it needs to be
ensured that processes of the DPD algorithm for all the antennas are processed on a single chip, which is not practical
in engineering. In addition, the DPD algorithm theoretically can resolve only a nonlinear problem of power of all the
antennas, and cannot resolve other problems such as a reduction in the efficiency of the PA and a reduction in saturation
power.
[0059] Therefore, this application provides a signal processing method. Referring to FIG. 2, the method includes the
following steps:
[0060] 201. A network device obtains a scattering parameter matrix of passive echoes in an antenna system, where
the antenna system includes k antennas, and k is a positive integer.
[0061] 202. The network device determines m virtual user directions based on the scattering parameter matrix of the
passive echoes, where the m virtual user directions are m directions in which total signal strength of the passive echoes
is highest, and m is a positive integer.
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[0062] 203. The network device forms a target beam based on n real user directions and the m virtual user directions,
where a null of the target beam is aligned with the m virtual user directions, n is a positive integer, and n+m≤k.
[0063] In this embodiment of this application, the network device obtains the scattering parameter matrix of the passive
echoes in the antenna system; determines the m virtual user directions based on the scattering parameter matrix of the
passive echoes; and finally forms, based on the n real user directions and the m virtual user directions, the target beam
whose null is aligned with the virtual user directions. In this way, generation of an active echo is reduced, and therefore
no circulator is needed in the antenna system in the network device, to reduce a volume of the antenna system, so that
the antenna system can be further integrated.
[0064] Specifically, this application provides a signal processing method. Referring to FIG. 3-1, the method includes
the following steps.
[0065] 301. A network device determines a target frequency band based on a traffic requirement, where the target
frequency band is one of a plurality of frequency bands obtained by dividing a full frequency band based on a preset
frequency band division manner.
[0066] Because of a frequency response characteristic of passive echoes, a scattering parameter matrix of the passive
echoes varies with a frequency. Therefore, in some possible implementations, the full frequency band may be divided
based on the preset frequency band division manner, to obtain a plurality of frequency bands, and then a passive echo
at each frequency band is measured, to obtain different scattering parameter matrices. For example, if a frequency band
supported by an antenna ranges from 824 to 896 (unit: megahertz), in other words, a width of the full frequency band
is 896-824=72 megahertz, the preset frequency band division manner may be: using every 8 megahertz as a frequency
band, and dividing the full frequency band into 72/8=9 frequency bands. In this embodiment of this application, the
network device first determines the target frequency band based on user equipment. The target frequency band is one
of a plurality of frequency bands obtained by dividing the full frequency band based on the preset frequency band division
manner. For example, a frequency band used by the user equipment is 825 megahertz. In this case, the selected target
frequency band ranges from 824 megahertz to 832 megahertz, then a scattering parameter matrix that is of the passive
echoes and that is formed at the target frequency band is obtained, and then the passive echoes at the target frequency
band are measured.
[0067] 302. The network device obtains a scattering parameter matrix that is of passive echoes in an antenna system
and that is formed at the target frequency band.
[0068] It should be noted that an echo (including an active echo and the passive echo) refers to a signal that is reversely
fed into a PA on a channel when adjacent antennas are mutually coupled due to insufficient isolation between the
antennas that exists when the network device transmits a signal. A difference is as follows: The passive echo refers to
a signal that is reversely fed when antennas in the network device send signals with a same amplitude and a same
phase. The scattering parameter matrix of the passive echoes is a property of each antenna system in the network
device, exists when the network device is in an idle state, and does not change with served user equipment or a signal
environment. The active echo refers to a signal that is reversely fed when the network device sends a signal whose
amplitude and phase are determined based on a location and a requirement of the served user equipment, and changes
with the location and the requirement of the user equipment.
[0069] It should be noted that a passive echo received by the antenna includes a signal generated by a signal transmitted
by the antenna, and also includes a signal generated after signals transmitted by other antennas are coupled. In this
embodiment of this application, signal strength of the passive echo received by the antenna is denoted as li,j, and li,j is
equal to signal strength of a passive echo that is generated by a signal sent by a jth antenna and that is received by an
ith antenna. In this case, a matrix L of signal strength of passive echoes received by all antennas may be obtained as
follows:

[0070] The matrix L is a matrix with an order of k3k, and k is a quantity of antennas in the network device.
[0071] After the matrix L of the signal strength of the passive echoes is determined, the scattering parameter matrix
of the passive echoes may be calculated based on the matrix L. Specifically, the scattering parameter matrix of the
passive echoes is a matrix G with an order of k3k, a value in an ith row and a jth column in G is g(i, j), and g(i, j) is equal
to a ratio of signal strength Li,j of a passive echo received by an antenna in an ith column from an antenna in the jth
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column to signal strength si of a signal transmitted by the antenna in the ith column, in other words, 

[0072] Finally, the matrix G is obtained as follows: 

[0073] For example, if the network device includes 64 antennas, in other words, k=64, the obtained passive echo
parameter is a matrix G with an order of 64364: 

[0074] In this case, signal strength of a passive echo that is generated by a signal transmitted by a 0th antenna and
that is received by the 0th antenna is l0,0, strength of the signal transmitted by the 0th antenna is s0, and 

[0075] Signal strength of a passive echo that is generated by a signal transmitted by a (k-1)th antenna and that is
received by the 0th antenna is l0, k-1, the strength of the signal transmitted by the 0th antenna is So, and 

[0076] In some feasible embodiments, the obtained value g(i, j) may alternatively be represented by using a complex
number, in other words, 

[0077] Herein, in Ai,j
∗ejφi,j, Ai,j is an amplitude, and φi,j is a phase.

[0078] It should be noted that the network device may specifically send a signal for testing the passive echo, to obtain
a scattered signal of the passive echo, or may perform a test on a traffic beam sent based on a real traffic requirement.
This is not limited herein.
[0079] 303. The network device determines m virtual user directions based on the scattering parameter matrix of the
passive echoes, where the m virtual user directions are m directions in which total signal strength of the passive echoes
is highest, and m is a positive integer.
[0080] In this embodiment of this application, the m virtual user directions are the m directions in which the total signal
strength of the passive echoes is highest. Specifically, it is assumed that there is user equipment in one of the m virtual
user directions. In this case, when the network device transmits a signal in the virtual user direction, the network device
receives a signal whose strength is equal to signal strength of the passive echo.
[0081] Specifically, after obtaining the scattering parameter matrix (matrix G) of the passive echoes, the network device
may perform dimension reduction on the matrix G by using a preset algorithm, to obtain a matrix V with an order of m3k,
where m is a quantity of virtual user directions, and m is less than k. Row vectors in the matrix V are respectively v0,



EP 4 050 808 A1

11

5

10

15

20

25

30

35

40

45

50

55

v1, ..., and v(m-1), and are used to represent the m virtual user directions. In this case, the matrix V may be represented
as follows: 

[0082] For example, the preset algorithm may be singular value decomposition (singular value decomposition, SVD).
Specifically, SVD is performed on the matrix G, to obtain a matrix G that is equal to U∗S∗RH. The matrix U is a unitary
matrix with an order of m3m, the matrix RH is a unitary matrix with an order of k3k, and the matrix S is a positive
semidefinite diagonal matrix with an order of m3k. The matrix S is a singular value of the matrix G: 

[0083] Herein, s0, s1, ..., and s(k-1) are arranged in descending order.
[0084] Therefore, RH is obtained as follows:

[0085] It should be noted that in the obtained matrix RH, a 0th row vector to a (k-1)th row vector are sequentially
directions in which the total signal strength is sorted in descending order. In this case, first m row vectors in the RH are
selected to form a new matrix V, to obtain the m directions in which the total signal strength is highest: 

[0086] In other words, Vi=(ri0, ri1, ..., ri(k-1)), where i is equal to 0, 1, 2, ..., and m-1. Row vectors in the matrix V are
respectively v0, v1, ..., and v(m-1), and are used to represent the m virtual user directions, in other words, 
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[0087] It should be noted that any one of v0, v1, ..., and v(m-1) is a vector representing a spatial direction, and has
both a length and a direction. The direction of the vector is used to represent the virtual user direction, and the length
of the vector is used to represent the signal strength of the passive echo.
[0088] It should be noted that singular value decomposition is mainly applied to principal component analysis (principal
component analysis, PCA) in statistics. As a data analysis method, principal component analysis is used to find out a
"pattern" implied in a large amount of data. Principal component analysis may be used in pattern recognition, data
compression, and the like, to map a dataset into low-dimensional space. Eigenvalues in the dataset are arranged based
on importance. A dimension reduction process is a process of discarding an unimportant eigenvector, and space that
includes the remaining eigenvectors is space obtained after dimension reduction.
[0089] In this embodiment of this application, the matrix G is the scattering parameter matrix of all the antennas in the
antenna system, and represents the signal strength of the passive echoes received by all the antennas, and the m virtual
user directions are the m directions in which the total signal strength of the passive echoes is highest. Therefore, if the
remaining (k-m) directions are ignored, any row Gr in the matrix G may be approximately obtained by performing linear
combination on the m virtual user directions v0, v1, ..., and v(m-1): 

[0090] Herein, all of q0, q1, ..., and q(m-1) are constants.
[0091] It should be noted that the quantity of virtual user directions may be determined by a staff member, or may be
determined by using a program. For example, a network device that includes 64 antennas may form a maximum of 64
dimensions, in other words, transmit signals in 64 different directions by using a same time-frequency resource. However,
there are usually no so many user equipments in a cell. If only 40 dimensions are required at a moment to meet a user
requirement, the staff member may use the remaining 24 dimensions as virtual user directions. In other words, 40
dimensions are used to serve the traffic requirement, and m (m≤24) dimensions may be selected from the remaining 24
dimensions as the virtual user directions. If a program is used, a preset value may be first determined, and the value is
signal strength of an active echo that needs to be cancelled, for example, 6 dB. In this case, in the program, first several
directions may be first used as the virtual user directions, and simulation is performed, to determine signal strength that
can be canceled in comparison with a case in which no virtual user direction is used. If a value of signal strength that is
canceled is less than 6 dB, the quantity of virtual user directions is increased. If a value of signal strength that is canceled
exceeds 6 dB, the quantity of virtual user directions is decreased until a proper quantity is determined.
[0092] For example, if the quantity of antennas in the network device is 64, in other words, k=64, the obtained scattering
parameter matrix of the passive echoes is as follows: 

[0093] It is assumed that there are eight virtual user directions, in other words, m=8. In this case, dimension reduction
may be performed on the matrix G, to obtain a matrix V with an order of 8364: 
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[0094] Herein, each of v0, v1, v2, v3, v4, v5, v6, and v7 is a matrix with an order of 1364.
[0095] It should be noted that v0, v1, v2, ..., and v(m-1) are m dimensions in dimensions that are formed by the network
device by using the k antennas and that may be a maximum of k dimensions, and the remaining dimensions are used
to serve a real traffic requirement. It should be noted that the obtained vectors v0, v1, ..., and v(m-1) are not a unique
solution of virtual user directions, and different matrices V may be obtained based on different algorithms for performing
dimension reduction on the matrix G, in other words, different virtual user directions may be obtained. It should be noted
that a value of m may be manually set, or may be determined by using the matrix G. This is not limited herein.
[0096] It should be noted that a special example of the obtained vectors v0, v1, ..., and v(m-1) is an orthogonal basis
vector in the matrix G. In this case, it is assumed that a matrix Hr with an order of n3k is an original spatial channel
matrix, where n is a positive integer less than k. That is, n dimensions in k dimensions are used to serve the traffic
requirement, and m dimensions may be selected from the remaining (k-n) dimensions as the virtual user directions. It
may be learned that m is less than or equal to k-n. For example, k is equal to 64, and n is equal to 40. In other words,
40 dimensions are used to serve the traffic requirement, and eight dimensions are selected from the remaining 24
dimensions as the virtual user directions.
[0097] 304. The network device forms a target beam based on n real user directions and the m virtual user directions,
where a null of the target beam is aligned with the m virtual user directions, n is a positive integer, and n+m≤k.
[0098] In this embodiment of this application, the null refers to an intersection point of two adjacent lobes in a beam.
For example, a null shown in FIG. 3-2 is an intersection point of a main lobe and a side lobe of the target beam, and a
radiation signal formed by the antenna system at the intersection point is relatively weak.
[0099] In this embodiment of this application, after the matrix V representing the m virtual user directions is determined,
a new spatial channel matrix H with an order (m+n)3k may be obtained: 

[0100] The matrix Hr represents directions of n user equipments served by the network device. When these user
equipments move, the matrix Hr is updated, and the matrix H is also updated. In addition, in a moving process of the
user equipment, if there is a very high correlation between a direction in the matrix Hr and a direction in the matrix V,
another user equipment may be used as a new direction to replace the old direction, in other words, the matrix Hr may
be updated. In this case, the network device may perform beamforming based on both the real user direction and the
virtual user direction, that is, perform beamforming on the served user equipment based on the matrix H, to obtain the
target beam.
[0101] It should be noted that if the beam whose null is aligned with the virtual user directions is formed, in other words,
energy of a transmitted signal in the directions v0, v1, v2, ..., and v(m-1) is decreased, even if the network device sends
forward signals with different amplitudes and different phases, energy of an active echo that is reversely fed is also
decreased.
[0102] In comparison with a beam that is formed by using no virtual user direction, beamforming weight of the target
beam is equivalent to adjusting a phase and/or an amplitude of the beam, so that the null of the target beam is aligned
with the virtual user directions. For example, a horizontal pattern (horizontal pattern) and a vertical pattern (vertical
pattern) shown in FIG. 3-3 represent a traffic beam formed by the network device only based on the real user direction
and not based on the virtual user direction. If the virtual user directions are a horizontal angle of 30° and a vertical angle
of 82°, the network device may form a target beam shown in FIG. 3-4. In comparison with the case in FIG. 3-3, a phase
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and/or an amplitude of the target beam are/is adjusted. Specifically, a horizontal beam direction of the traffic beam is
shifted by 2°, and energy of a main lobe is decreased by 0.5 dB. In this way, when impact on the traffic requirement can
be ignored, a null of the target beam is aligned with the m virtual user directions, to effectively reduce active echoes, so
as to achieve an effect shown in FIG. 3-5. Eventually, no circulator is needed in the antenna system, to reduce a volume
of the antenna system, so that the antenna system can be further integrated.
[0103] The method embodiments provided in this application are described above, and a specific apparatus provided
in this application is described below.
[0104] Referring to FIG. 4, an embodiment of this application further provides a network device 400, including an
antenna system 410 and a processor 420. The antenna system 410 includes k antennas, where k is a positive integer,
and is configured to send and receive a signal. The processor 420 is configured to: obtain a scattering parameter matrix
of passive echoes in the antenna system 410; determine m virtual user directions based on the scattering parameter
matrix of the passive echoes, where the m virtual user directions are m directions in which total signal strength of the
passive echoes is highest, and m is a positive integer; and finally form, based on n real user directions and the m virtual
user directions, a target beam whose null is aligned with the m virtual user directions, where n is a positive integer, and
n+m≤k. In this way, generation of an active echo is reduced, and therefore no circulator is needed in the antenna system
in the network device, to reduce a volume of the antenna system, so that the antenna system can be further integrated.
[0105] The scattering parameter matrix of the passive echoes is a matrix G with an order of k3k, a value in an ith row
and a jth column in the matrix G is g(i, j), and g(i,j) is equal to a signal strength ratio between a passive echo received
by an antenna in an ith column from an antenna in the jth column and a signal transmitted by the antenna in the ith column.
In this way, the scattering parameter matrix of the passive echoes is represented.
[0106] In some possible implementations, the processor 420 is specifically configured to perform dimension reduction
on the matrix G by using a preset algorithm, to obtain a matrix V with an order of m3k. Row vectors in the matrix V are
respectively v0, v1, ..., and v(m-1), and are used to respectively represent the m virtual user directions, to obtain the m
virtual user directions.
[0107] In some possible implementations, the preset algorithm may be to perform singular value decomposition on
the matrix G, to obtain U∗S∗VH, and use first m row vectors in VH as the matrix V, where U is a unitary matrix with an
order of m3m, S is a positive semidefinite diagonal matrix with an order of m3k, and VH is a unitary matrix with an order
of k3k. Any one of the row vectors v0, v1, ..., and v(m-1) in the obtained matrix V is a vector representing a spatial
direction, and has both a length and a direction. The direction of the vector is used to represent the virtual user direction,
and the length of the vector is used to represent the signal strength of the passive echo.
[0108] In some possible implementations, the processor 420 may be specifically configured to: determine a target

spatial channel matrix H based on the n real user directions and the m virtual user directions, where  , and
Hr is a spatial channel matrix, with an order of m3k, used to represent the n real user directions; and form the target
beam based on the matrix H. In this way, almost no impact is exerted on a traffic requirement while generation of an
active echo is reduced.
[0109] The processor 420 is further specifically configured to: determine a target frequency band based on the traffic
requirement, where the target frequency band is one of a plurality of frequency bands obtained by dividing a full frequency
band based on a preset frequency band division manner; and obtain a scattering parameter matrix that is of the passive
echoes in the antenna system and that is formed at the target frequency band, to adapt to a frequency response
characteristic, namely, a characteristic indicating that the scattering parameter matrix of the passive echoes varies with
a frequency, of the passive echoes.
[0110] As shown in FIG. 5-1, an embodiment of this application further provides a network device 500, including an
antenna system 510 and a processor 520.
[0111] The antenna system 510 is configured to send and receive a signal.
[0112] The processor 520 is configured to: obtain a scattering parameter matrix of passive echoes in the antenna
system, where the antenna system includes k antennas, and k is a positive integer; determine m virtual user directions
based on the scattering parameter matrix of the passive echoes, where the m virtual user directions are m directions in
which total signal strength of the passive echoes is highest, and m is a positive integer; and form a target beam based
on n real user directions and the m virtual user directions, where a null of the target beam is aligned with the m virtual
user directions, n is a positive integer, and n+m≤k. In this way, generation of an active echo is reduced, and therefore
no circulator is needed in the antenna system in the network device, to reduce a volume of the antenna system, so that
the antenna system can be further integrated.
[0113] In some possible implementations, as shown in FIG. 5-2, the antenna system 510 further includes an antenna
511, a filter 512, a first coupler 513-1, a second coupler 513-2, a PA 514, a coupler switch 515, and a radio transceiver
apparatus 516. In some feasible embodiments, the antenna system 510 may further include an LNA.
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[0114] The first coupler 513-1 and the second coupler 513-2 are sequentially disposed side by side in front of the PA
514 in a transmission direction of the antenna. The first coupler 513-1 communicates with the PA 514. The second
coupler 513-2 communicates with the first coupler 513-1.
[0115] The coupler switch 515 communicates with the radio transceiver apparatus 516 for communicating with the
second coupler 513-2 when the antenna 511 receives a signal.
[0116] It should be noted that a single coupler is used in a common antenna, is equivalent to the first coupler 513-1
in FIG. 5-2, and is configured to perform DPD correction on a forward signal. In this embodiment of this application, an
additional coupler is added to form a dual coupler combination, namely, the first coupler 513-1 and the second coupler
513-2.
[0117] When the antenna 510 receives the passive echo, the coupler switch 515 is turned to the second couplers
513-2, so that a signal received by the antenna 510 is directed to the radio transceiver apparatus 516 by using the
coupler switch 515. When the antenna 510 sends a forward signal, the coupler switch 515 is turned to the first coupler
513-1, so that a forward signal output by the PA 514 is received by the radio transceiver apparatus 516. There is
insufficient isolation of the coupler switch 515, and therefore a pure passive echo cannot be obtained through coupling.
Therefore, in some feasible embodiments, a time interval for sending two forward signals may be increased, so that
sending of the forward signal and receiving of the passive echo can be completely staggered in time, to obtain a pure
passive echo. The passive echoes are then aligned with the forward signals, and then the scattering parameter matrix
G of the echoes is solved based on a least squares group in frequency domain groups.
[0118] In this embodiment of this application, the network device obtains the scattering parameter matrix of the passive
echoes in the antenna system; determines the m virtual user directions based on the scattering parameter matrix of the
passive echoes; and finally forms, based on the n real user directions and the m virtual user directions, the target beam
whose null is aligned with the virtual user directions. In this way, generation of an active echo is reduced, and therefore
no circulator is needed in the antenna system in the network device, to reduce a volume of the antenna system, so that
the antenna system can be further integrated.
[0119] Integration into a structure shown in FIG. 5-3 is implemented from a structure shown in FIG. 1-2, to reduce the
volume of the antenna system 510, so that the antenna system can be further integrated. For example, a plurality of
PAs 514 may be integrated into a multi-channel front-end module (front-end module, FEM) integrated chip and a multi-
channel integrated radio-on-a-chip (radio on chip, ROC), to integrate the PA 514 and the subsequent filter 512.
[0120] It should be noted that the antenna 510 is a converter, is a component, in a radio device, for transmitting or
receiving an electromagnetic wave, and is configured to: convert a guided wave that is propagated on a transmission
line into an electromagnetic wave that is propagated in an unbounded medium (usually free space), or perform opposite
conversion. During transmission, the antenna 510 converts a high-frequency current into an electromagnetic wave, and
radiates the electromagnetic wave in the air. During receiving, the antenna 510 receives an electromagnetic wave from
the air, and converts the electromagnetic wave into a high-frequency current.
[0121] The processor 520 may further include a hardware chip. The hardware chip may be an application-specific
integrated circuit (application-specific integrated circuit, ASIC), a programmable logic device (programmable logic device,
PLD), a CPU, an RISC microprocessor (advanced RISC machine, ARM), a digital signal processor (digital signal proc-
essor, DSP), or a combination thereof. The PLD may be a complex programmable logic device (complex programmable
logic device, CPLD), a field-programmable gate array (field-programmable gate array, FPGA), a generic array logic
(generic array logic, GAL), or any combination thereof. In this embodiment of this application, steps performed by the
processor 520 are the same as the steps in the method embodiment. Details are not described herein.
[0122] All or some of the foregoing embodiments may be implemented by using software, hardware, firmware, or any
combination thereof. When software is used to implement the embodiments, the embodiments may be implemented
completely or partially in a form of a computer program product.
[0123] The computer program product includes one or more computer instructions. When the computer program
instructions are loaded and executed on a computer, the procedures or functions according to the embodiments of the
present invention are all or partially generated. The computer may be a general-purpose computer, a dedicated computer,
a computer network, software/hardware with a similar computer function, or another programmable apparatus. The
computer instructions may be stored in a computer-readable storage medium or may be transmitted from a computer-
readable storage medium to another computer-readable storage medium. For example, the computer instructions may
be transmitted from a website, computer, server, or data center to another website, computer, server, or data center in
a wired (for example, a coaxial cable, an optical fiber, or a digital subscriber line (DSL)) or wireless (for example, infrared,
radio, or microwave) manner. The computer-readable storage medium may be any usable medium accessible by the
computer, or a data storage device, such as a server or a data center, integrating one or more usable media. The usable
medium may be a magnetic medium (for example, a floppy disk, a hard disk, or a magnetic tape), an optical medium
(for example, a DVD), a semiconductor medium (for example, a solid-state drive Solid State Disk (SSD)), or the like.
[0124] It may be clearly understood by persons skilled in the art that, for the purpose of convenient and brief description,
for a detailed working process of the foregoing system, apparatus, and unit, refer to a corresponding process in the
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foregoing method embodiments, and details are not described herein again.
[0125] In the several embodiments provided in this application, it should be understood that the disclosed system,
apparatus, and method may be implemented in other manners. For example, the foregoing apparatus embodiments are
merely examples. For example, division into the units is merely logical function division and may be other division in
actual implementation. For example, a plurality of units or components may be combined or integrated into another
system, or some features may be ignored or not performed. In addition, the displayed or discussed mutual couplings,
direct couplings, or communication connections may be implemented through some interfaces. The indirect couplings
or communication connections between the apparatuses or units may be implemented in electrical, mechanical, or other
forms.
[0126] The units described as separate parts may or may not be physically separate, and parts displayed as units
may or may not be physical units, may be located in one position, or may be distributed on a plurality of network units.
A part or all of the units may be selected based on actual requirements to achieve the objectives of the solutions of the
embodiments.
[0127] In addition, functional units in embodiments of this application may be integrated into one processing unit, each
of the units may exist alone physically, or two or more units may be integrated into one unit. The integrated unit may be
implemented in a form of hardware, or may be implemented in a form of a software functional unit.
[0128] When the integrated unit is implemented in the form of a software functional unit and is sold or used as an
independent product, the integrated unit may be stored in a computer-readable storage medium. Based on such an
understanding, the technical solutions of this application essentially, or the part contributing to the prior art, or all or some
of the technical solutions may be implemented in the form of a software product. The computer software product is
stored in a storage medium and includes several instructions for instructing a computer device (which may be a personal
computer, a server, a network device, or the like) to perform all or some of the steps of the methods in the embodiments
of this application. The storage medium includes any medium that can store program code, such as a USB flash drive,
a removable hard disk, a read-only memory (ROM, Read-Only Memory), a random access memory (RAM, Random
Access Memory), a diskette, or a compact disc.
[0129] The foregoing embodiments are merely intended to describe the technical solutions of this application, but are
not to limit this application. Although this application is described in detail with reference to the foregoing embodiments,
persons of ordinary skill in the art should understand that they may still make modifications to the technical solutions
recorded in the foregoing embodiments or make equivalent replacements to some technical features thereof. Such
modifications or replacements do not make the essence of the corresponding technical solutions depart from the scope
of the technical solutions of the embodiments of this application.

Claims

1. A signal processing method, comprising:

obtaining, by a network device, a scattering parameter matrix of passive echoes in an antenna system, wherein
the antenna system comprises k antennas, and k is a positive integer;
determining, by the network device, m virtual user directions based on the scattering parameter matrix of the
passive echoes, wherein the m virtual user directions are m directions in which total signal strength of the
passive echoes is highest, and m is a positive integer; and
forming, by the network device, a target beam based on n real user directions and the m virtual user directions,
wherein a null of the target beam is aligned with the m virtual user directions, n is a positive integer, and n+m≤k.

2. The method according to claim 1, wherein the scattering parameter matrix of the passive echoes is a matrix G with
an order of k3k, a value in an ith row and a jth column in the matrix G is g(i, j), and g(i, j) is equal to a signal strength
ratio between a passive echo received by an antenna in an ith column from an antenna in the jth column and a signal
transmitted by the antenna in the ith column.

3. The method according to claim 2, wherein the determining, by the network device, m virtual user directions based
on the scattering parameter matrix of the passive echoes comprises:
performing, by the network device, dimension reduction on the matrix G by using a preset algorithm, to obtain a
matrix V with an order of m3k, wherein row vectors in the matrix V are respectively v0, v1, ..., and v(m-1), and are
used to respectively represent the m virtual user directions.

4. The method according to claim 3, wherein the performing, by the network device, dimension reduction on the matrix
G by using a preset algorithm, to obtain a matrix V with an order of m3k comprises:
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performing, by the network device, singular value decomposition on the matrix G, to obtain U∗S∗VH, and using first
m row vectors in VH as the matrix V, wherein U is a unitary matrix with an order of m3m, S is a positive semidefinite
diagonal matrix with an order of m3k, and VH is a unitary matrix with an order of k3k.

5. The method according to claim 3 or 4, wherein the forming, by the network device, a target beam based on n real
user directions and the m virtual user directions, wherein a null of the target beam is aligned with the m virtual user
directions comprises:

determining, by the network device, a target spatial channel matrix H based on the n real user directions and

the m virtual user directions, wherein  , and Hr is a spatial channel matrix, with an order of m3k, used
to represent the n real user directions; and
forming, by the network device, the target beam based on the matrix H, wherein the null of the target beam is
aligned with the m virtual user directions.

6. The method according to any one of claims 1 to 5, wherein the obtaining, by a network device, a scattering parameter
matrix of passive echoes in an antenna system comprises:

determining, by the network device, a target frequency band based on a traffic requirement, wherein the target
frequency band is one of a plurality of frequency bands obtained by dividing a full frequency band based on a
preset frequency band division manner; and
obtaining, by the network device, a scattering parameter matrix that is of the passive echoes in the antenna
system and that is formed at the target frequency band.

7. A network device, comprising an antenna system and a processor, wherein

the antenna system is configured to send and receive a signal;
the processor is configured to obtain a scattering parameter matrix of passive echoes in the antenna system,
wherein the antenna system comprises k antennas, and k is a positive integer;
the processor is further configured to determine m virtual user directions based on the scattering parameter
matrix of the passive echoes, wherein the m virtual user directions are m directions in which total signal strength
of the passive echoes is highest, and m is a positive integer; and
the processor is further configured to form a target beam based on n real user directions and the m virtual user
directions, wherein a null of the target beam is aligned with the m virtual user directions, n is a positive integer,
and n+m≤k.

8. The network device according to claim 7, wherein the scattering parameter matrix of the passive echoes is a matrix
G with an order of k3k, a value in an ith row and a jth column in the matrix G is g(i, j), and g(i, j) is equal to a signal
strength ratio between a passive echo received by an antenna in an ith column from an antenna in the jth column
and a signal transmitted by the antenna in the ith column.

9. The network device according to claim 8, wherein the processor is specifically configured to:
perform dimension reduction on the matrix G by using a preset algorithm, to obtain a matrix V with an order of m3k,
wherein row vectors in the matrix V are respectively v0, v1, ..., and v(m-1), and are used to respectively represent
the m virtual user directions.

10. The network device according to claim 9, wherein the processor is specifically configured to:
perform singular value decomposition on the matrix G, to obtain U∗S∗VH, and use first m row vectors in VH as the
matrix V, wherein U is a unitary matrix with an order of m3m, S is a positive semidefinite diagonal matrix with an
order of m3k, and VH is a unitary matrix with an order of k3k.

11. The network device according to claim 9 or 10, wherein the processor is specifically configured to:

determine a target spatial channel matrix H based on the n real user directions and the m virtual user directions,
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wherein  , and Hr is a spatial channel matrix, with an order of m3k, used to represent the n real user
directions; and
form the target beam based on the matrix H, wherein the null of the target beam is aligned with the m virtual
user directions.

12. The network device according to any one of claims 7 to 11, wherein the processor is specifically configured to:

determine a target frequency band based on a traffic requirement, wherein the target frequency band is one of
a plurality of frequency bands obtained by dividing a full frequency band based on a preset frequency band
division manner; and
obtain a scattering parameter matrix that is of the passive echoes in the antenna system and that is formed at
the target frequency band.

13. A network device, comprising:

an antenna system and a processor, wherein
the antenna system is configured to send and receive a signal; and
the processor is configured to: obtain a scattering parameter matrix of passive echoes in the antenna system,
wherein the antenna system comprises k antennas, and k is a positive integer; determine m virtual user directions
based on the scattering parameter matrix of the passive echoes, wherein the m virtual user directions are m
directions in which total signal strength of the passive echoes is highest, and m is a positive integer; and form
a target beam based on n real user directions and the m virtual user directions, wherein a null of the target
beam is aligned with the m virtual user directions, n is a positive integer, and n+m≤k.

14. The network device according to claim 13, wherein the antenna system comprises an antenna, a filter, a first coupler,
a second coupler, a power amplifier PA, a coupler switch, and a radio transceiver apparatus, wherein

the first coupler and the second coupler are sequentially disposed side by side in front of the PA in a transmission
direction of the antenna, the first coupler communicates with the PA, and the second coupler communicates
with the first coupler; and
the coupler switch communicates with the radio transceiver apparatus, and is configured to communicate with
the second coupler when the antenna receives a signal.

15. A computer-readable storage medium, comprising instructions, wherein when the instructions are run on a computer,
the computer is enabled to perform the method according to any one of claims 1 to 6.
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